I n a seminal test of "Nature versus Nurture" published nearly 30 years ago, Sørensen et al (1) leveraged rich population registry data from Denmark and asked whether children adopted outside their family were at increased risk for conditions experienced by their biologic parents or their adoptive parents. With almost 1,000 parent-adoptee pairs, individuals whose biologic parent died prematurely from infection were at greatly increased risk for themselves dying from infection, with a relative risk (RR) of 5.81 (CI, 2.47-13.7), whereas an adoptive parents' death from infection had no association with the adopted child's risk of death (RR, 0.73). This inherited risk of death from infection was more pronounced than for cancer (RR, 1.19; CI, 0.16-8.99) or vascular disease (RR, 4.52; CI, 1.32-15.4).
It is thus both surprising and frustrating that relatively few genetic variants have been identified that link inherited risk for sepsis death and a molecular cause for aberrant response to infection (2, 3) . Only one genome-wide association study (GWAS) to date has been reported for sepsis mortality, and its main analysis was to identify variants that might interact with a treatment effect for drotrecogin alpha (activated) rather than to identify variants independently associated with mortality (4). By contrast, GWAS has implicated numerous candidates that have been proven causative in the development of atherosclerosis and myocardial infarction (5) (6) (7) (8) , suggesting novel potential pharmacologic targets. Cancer biology has been so revolutionized by the use of gene expression profiling to molecularly classify disease that tumor expression profiles may supplant the cancer's tissue of origin in suggesting the best treatment regimen (9) . Multiple reasons exist to explain this paradox of a seemingly strong heritability with few established genetic risk variants for sepsis death.
The adoption cohort studied by Sørensen et al (1) was born in the 1920s, before widespread availability of antibiotics which influence sepsis mortality. In the modern era, socioeconomic factors that influence access to healthcare, along with medical comorbidities that alter the risk for infection, may outweigh the inherited risk to sepsis-associated death. Sepsis lacks intermediate traits with established causality toward sepsis death, unlike the strong evidence for levels of low-density lipoprotein cholesterol being causative for cardiovascular events (10) . The syndromic definition of sepsis is notoriously imprecise (11) , and heterogeneous infections or sterile inflammation often result in similar degrees of critical illness, potentially leading investigators to lose any signal for genetic risk in the noise of imprecise phenotyping. Although the cancer world has solved this heterogeneity issue by studying gene expression, with regard to sepsis, we remain unsure of which tissue's expression profile is most relevant. Is it the circulating leukocyte, the neutrophil, the peripheral endothelium, or the infected organ? Supposing we confirm that the endothelium or the infected tissue is most important, how do we sample this without exposing patients to undue risk?
In this issue of Critical Care Medicine, Nakada et al (12) creatively leverage bioinformatics and a well-phenotyped septic shock population to identify a novel and potentially important variant in the SVEP1 gene that seems to strongly influence sepsis mortality. To overcome the common post-GWAS dilemma of identifying which single nucleotide polymorphism (SNP) is the likely causal variant, the authors limited their GWAS to SNPs with three lines of evidence supporting functionality. They focused only on SNPs that 1) altered the amino acid coding sequence; 2) occurred at an amino acid demonstrating strong evolutionary conservation across multiple vertebrate species; and 3) the amino acid change was strongly predicted to have damaging effects on protein function by one commonly applied prediction algorithm, PolyPhen-2 (13) . Only 843 of the over 1 million genotyped SNPs met these criteria and passed quality control checks, attenuating the multiple testing that might inflate the type I error rate. Only one SNP, rs10817033, met the Bonferroni-adjusted threshold for significant association with 28-day mortality. Mortality in CC homozygotes, comprising 2% of the European ancestry population, was 80% compared with 42% for heterozygotes and 28.5% for dominant AA homozygotes (p = 3.8 × 10 -5 ). The gene product of SVEP1, initially called "Polydom" for its multiple structural domains, is a cell adhesion molecule.
Among the protein's many domains, there are domains that might interact with innate immune signaling (pentraxin, tumor necrosis factor), complement, epidermal growth factor, and von Willebrand factor (14) . Because the SNP alters the amino acid sequence from glutamine to histidine and is predicted to be deleterious to SVEP1's function, the authors silenced the gene in endothelial cells and demonstrated that lipopolysaccharide (LPS)-induced interleukin (IL)-8, growth regulated oncogene-α, monocyte chemoattractant protein (MCP)-1, and MCP-3 levels were increased, suggesting that the SNP may influence leukocyte adhesion to endothelium. Another group has demonstrated that SVEP1 was among the most up-regulated genes in human umbilical vein endothelium treated with LPS-primed monocytes and suggested that SVEP1 may regulate whether adhesion molecules are membrane bound or shed (15) .
The study has numerous strengths, beginning with the elegant design, incorporating bioinformatic resources to amplify the detection of functional SNPs. The use of smallinterfering RNA to model the potential deleterious effects of a nonsynonymous SNP is important. The story would be more complete if patients with sepsis also demonstrated increasing plasma IL-8 with each copy of rs10817033C, although the plasma analysis was relatively underpowered given the rarity of the SNP. The observed effect size between the SNP and sepsis mortality was very large in this original description, which may reflect a strong functional effect as suggested by the in vitro data. Nonetheless, it will be important to replicate this finding in subsequent populations as the initial association is often more extreme than truth (16) . Furthermore, with a minor allele frequency of only 11% in European populations, the SNP is unlikely to explain a large proportion of sepsis death. Rather, the strength of the study by Nakada et al (12) is that it focuses attention on leukocyte-endothelial adhesion during sepsis and the possibility that modifying this interaction may influence survival. Finally, with genome-wide genotyping completed on 520 subjects in this population and approximately 1,400 in the Protein C Worldwide Evaluation in Severe Sepsis trial of drotrecogin alpha (activated) (4), a strong case could be made to analyze and report these clinical trial populations as traditional GWAS for sepsis-associated mortality, allowing increased power and the potential for replication as we attempt to understand the heritability of sepsis mortality.
